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1. INTRODUCTION

General 1.6 Where signal control.is being installed as a safety
measure at an existing priarity junction with sub-

1.1  This standard identifies those aspects of signal Standard junctionvisibility or where existing signal-
control which have an effect on geometric layout desigrfontrolled junctions are being madified or improved,
and which should be considered throughout the designconstraints are often impesed upon the design by the
process. Advice on the method of installation, control €xisting road geometry, buildings, availability of land or
and signal display sequences are contained within ~ the cost of/moving statutory undertakers’ apparatus.

Design for Manual Roads and Bridges, Volume 8, Under these conditions, design standards contained in
Section 1 (ie DMRB 8.1)Close co-operation is this document should be incorporated where possible to
necessary where a different engineering team or improve the overall Sa.fety for all road users and the

discipline is responsible for separate aspects of designiégction designand signalling arrangements should be
geometry, signal control and street lighting. This is developed to maximise the junction |r_1terV|S|b|I|ty. The
particularly relevant in the early stages of design. To Procedure for approval of non-compliant elements of
assist this process, terms and definitions more frequen?S'gn is outlinediRaragraph 1.18(Departures from
used in signal control are provideddinnex 1 tandard).

1.2 This document sets out standards, methodologyl-7  Thegeometric layout indicatedrigure 1/1is
and good practice for the design of geometric layouts fétended to illustrate a situation where the physical
signal-controlled junctions and signalised roundabouts Constraints imposed by buildings (and statutory
where the 85percentile speed on the approach roads Undertakers’ equipment) may affect the overall

are below 104kph (65mph). Traffic signals are not geometric layout.

recommended where this approach speed is.exceeded

[See TA 12 (DMRB 8.1.1)] Principal Objectives

1.3 This standard shall apply toll newjuncticlns 18 Introducing signal cont_rol at a junction, including
which are signal-controlled, signalised foundabofits Measures to provide the maximum degree of safety and
and to all existing uncontrolled griority junctions | convenience for all road users, can enhance efficiency by

reducing congestion and conflict between different
vehicle movements, within the available road space. The
use of signal control should therefore be considered as
an option at the scheme assessment stage for new
1.4 Local Transport Notes (LTN) identified'in the  junctions and the improvement of existing junctions.
Department of Environment; Transportandthe Guidance on the selection of the most appropriate
Regions (DETR)publication list review the techniques junction option is given ifA 30 (DMRB 5.1.4)

available and recommend factors to be considered when

introducing traffic signal control at roundabouts. The 1.9  Signal control may also be used in association
geometric layout of signalised roundabouts should be with (or to implement) other strategies such as:
designed in accordance wilid 16, (DMRB 6.2.3)

however additional geemetric desigh guidance onthe a.  augmenting or altering a natural or designated
application of traffic signals to roundabouts is provided route priority;

in Chapter 6 of this document.

which are modified or improved to operate with
signal control.

b. providing a safe, convenient environment for

Existing Signal-Controlled Junctions and Junctions pedestrians and cyclists;

Convertedio Signal Control c.  giving priority to buses and coaches;

1.5 [ Atexisting signal-controlled junctions this d. area traffic control;

standard should be considered as advice which is

commended to designers when assessing possible e. light rapid transit systenjsee HM Railway
alterations or improvements to the performance of the Inspectorate Technical Note (RTN 4))
junction.
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Statutory Undertakers Apparatus
(Major Services)

o m——
-
————

- ————
——
————.

NOTE:

Signals and Street Furniture have been
omitted for the purpose of clarity.

Figure 1/1: Example of Existing Signal-Controlled Junction Subject to Design Constraints

Implementation 1.12 Design of a signal-controlled junction is an
iterative process involving the assessment of traffic
1.10 This Standard shall be used/forthwith'on gl| performance of draft layouts followed by appropriate
schemes for the construction, improvementand |  modifications to the geometric layout to finally obtain

maintenance of trunk roads currently:-being the optimum solution. There is a limit to what may be
prepared provided that, in the opinion of the achieved in terms of increased capacity by, for example,
Overseeing Organisation, this will not result in widening junctions to provide additional lanes,

significant additional expense or delay progress.| introducing traffic islands or improving turning radii. A
Design Organisations should confirm its applicatjon Palance normally needs to be sought.

to particular schemes with the Overseeing
Organisation. Scope

1.11 Itisimportant to identify the full requirements of 1-13  This standard sets out the specific requirements
the scheme at the preliminary design stage, before whlch_should be met for signal-controlled junctions and
acquiring land (eg if pedestfian crossing routes are notSignalised roundabouts on trunk roads where tfte 85
identified it could be difficult to include them later ~ Percentile speed on the approach to the junction does not
without either obtaining additional land or compromising*¢€€d 104kph (65mph) on any arm.

the layout). 1.14 Design features which relate specifically to

pedestrians, cyclists, equestrians and buses are contained
in Chapter 4 of this document.

1/2 November 1999
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1.15 The geometric features and layout should be Large Goods Vehicles
designed to accommodate the positioning of signalling

equipment (including mast-arms where appropriate), 119 The ternLarge Goods\Vehicless used in this
pedestrian facilities and equipment, signs, illuminated  gocument to identify those vehicles (defined as over 3.5
bollards, guardrails, and stop lines. It is also necessaryons gross weight) classified as LGV/S for licensing

to consider maintenance requirements and use of the pyrposes in accordance with' European harmonisation of
junction under police control when carrying outthe  terminology.

geometric design.

1.16 Inthe various figures, the junction arms are
referenced clockwise (commencing at the major road), so
that the order is major-minor-major. Basic primary and
secondary signals, pedestrian signals and push buttons
are generally indicated in the figures, however advice on
the type, aspect and symbol for particular circumstances
is contained iDMRB 8.1. Other design features and
turning restrictions are included to illustrate their
application. The inclusion or exclusion of design

features is not intended to suggest applicability to
particular junction arrangements.

Mandatory Sections

1.17 Sections of this document which form partLof
the standards which the Overseeing Organisatio
requires in design are highlighted by being
contained in boxes. These are the sections with
which the Design Organisation mustccomply or
must have agreed a suitable departure from
standard with the relevant Overseeing ©rganisatjon.
The remainder of the document.contains advice pnd
enlargement which is commended to designers fr
their consideration.

Departures from Standard

1.18 Inthose situations where, for reasons of
significant environmental impact or high cost, a
designer considers/that a mandatory requiremerft of
this Standard may be inappropriate, the design
organisation shall apply-to the relevant Overseeipg
Organisation for approval to adoept a Departure
from Standard. Design Organisations faced by sjich
situations and wishing to consider pursuing this
course shall discuss any such option at an early,
stage in designwith the relevant Overseeing
Organisation. Proposals to adopt Departures frgm
Standard must be submitted by the Design
Organisation to the Overseeing Organisation andl
formal approval received BEFORE incorporation
into a design layout.
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2. GEOMETRIC DESIGN FEATURES

General 2.5  High approach speeds can also result in those
drivers making right turn manoeuvres misjudging the

2.1  This chapter outlines the geometric design lengths of gaps in opposing traffic; which inturn

features to be considered in the design of signal- increases the risk'of accidents. The resulting indecision

controlled junctions. Many of the features are considerdd these circumstances may put drivers and others at risk
separately, and designers should adopt a systematic @nd designers:should consider measures to mitigate these
approach to achieve a satisfactory design incorporatingffects[See TA 12 (DMRB 8.1)]
all appropriate geometric design features.

Visibility on the Approach to Junctions

Design Speed

2.6 The stopping sight distance on the immedilate
approach to the junctidSee paragraph 1.26,

TD 94DMRB 6.1.1)]shall be in accordance with
the Standards containedT® 9 (DMRB 6.1.1)
and Relaxations below Desirable Minimum
Stopping Sight Distand®MSSD) shall not be
permitted on the immediate approaches to the

2.2 Some design standards are dependent on the
approach speed of vehicles and reference should be
made torD 9 (DMRB 6.1.1)to determine appropriate
design speeds for each entry arm. Where these design
speed related standards cannot be achieved then traffi
management measures should be introduced to réduce
the approach speed to an appropriate value, for the

%)

available Stopping Sight Distan(®SD) junction.

2.3 TA 22 (DMRB 5.1.4)provides guidance for 2.7¢  Each traffic lane shall have clear vision of jat
determining speed limits, and design speeds based upgn least one primary signal associated with its

the 83 percentile approach speed of traffic. particular movement, from a distance equivalentjto

. _ _ the DMSSD. The visibility envelog&ee Figure 3,
2.4 Drivers travelling at even modefately high'speeds 1p g (DMRB 6.1.1)] shall be increased to includ

on roads where signal control is installed ean/find the height of the signal head as indicatefigure
themselves with a difficult decisionte make when greer 2/1.

changes to amber and drivers are often faced with a
choice between attempting to brake to a halt at the stop-
line, or continuing at the same‘speed through the 2.8 Once the control strategy for the junction has
junction and clearing it safely. Because of the increasedpeen established and queue lengths determined, further
braking distances required at high'speeds, drivers nee¢hecks should be undertaken to ensure that the DMSSD
adequate warning that they'are.approaching a signal- is provided to the back of the queue. Where the DMSSD
controlled junction. Thedise Bigh Friction Surfacing ~ cannot be achieved measures should be taken to reduce
should also be considerggee paragraph 2.57] queue lengths and provide signs warning drivers of
stationary traffic ahead.

()

14

Signal Envelope of Visibility

Height ___ Head

Varies — 200m
T
0.26m — ;

Stopping Sight Distance

Figure 2/1:  Visibility Requirements on Approach to Junction
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2.9 The visibility requirements for pedestrians usingimmediately adjacent to the junction should be included

crossings are contained@iapter 4 of this document.  in the junction intervisibility zone. The junction
intervisibility zone need not be extended 1o include a

Junction Intervisibility Zone displaced pedestrian crossing which is remote from the
main junctior{See Figure 5/1]

2.10 The junction intervisibility zone is the area
identified for the purpose of assessing visibility within
the junction between drivers at each stop-line, or
between drivers and pedestrians and facilitates
identification of measures to mitigate the effect of
obstructions. The junction intervisibility zone is defined
as the area bounded by measurements from a distanct
2.5m behind the stop-line extending across the full
carriageway width for each arm as indicateBigure

2/2.

Figure 2/3: Junction Intervisibility Zone (with
crossings)

Junction Intervisibility

2.14 Due to the control imposed on drivers, the
visibility requirements measured from the stop-line for
signal-controlled junctions are not as onerous as those
for major/minor priority junctionfSee paragraph 7.6,
Figure 2/2: Junction Intervisibility Zene (without TD 42 (DMRB 6.2.6)] It is essential however to
crossings) provide adequate intervisibility for drivers at each stop-
line, and between drivers at a stop-line and each of its
2.11 To ensure that drivers-of all vehicles‘on each associated exit lanes (and pedestrian crossings), to
entry lane are able to see the full extent of the pedestri@@rmit manoeuvres to be completed safely once the
crossing (and its approach) the junction intervisibility - driver has entered the junction intervisibility zone.
zone should be extended, where necessary, to include Fi‘@ragraphs 1.5 to 1. provide advice regarding

full width of the strip of tactile paving laid parallel to thejnstallation of signal control at existing priority
edge of carriageway, as indicated on Arm Aiglre junctions.

2/3.

2.15 Adequate intervisibility ensures a level of safety
2.12 Chapter 5 provides further examples to illustratefor a|| road users of the junction. Designers should aim
the junction intervisibility zones for a number of junctiorg achieve the greatest level of intervisibility for both
arrangements. Ata staggered junction the layout will - grivers and pedestrians within the junction intervisibility
resultin two independent junction intervisibility zones  zone and it is important to consider the combined effect
[See Figures 5/6 and 5/7Thowever as the stagger of building lines and pedestrian crossing locations when

lengthreduces the junction intervisibility zones will - checking intervisibility and identifying locations for
overlap, forming a single junction intervisibility zone.  pedestrian crossings.

2.13 Where a staggered pedestrian crossing is
providedSee Figure 5/3]the section of the crossing

2/2 November 1999
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2.18 Minor obstructions to visibility caused by slim
2.16 Atnew signalised junctiofSee paragraph projections such as lighting columns, sign supports,

1.3] major obstructions to intervisibility within the|] ~ signal posts, controller cabinet and guardrails placed
junction intervisibility zone, such as that caused py Within the junction intervisibilityzene maybe
buildings should be avoided. Under these conditipnsunavoidable in the optimum design. When placing signs,

each obstruction to visibility shall be considered s Street furniture and planting; consideration should be
aDeparture from Standard and measures shall e 91Ven to ensure that their @bstructive effect is minimised.

y . e Minor obstructions.are not considered as either
taken to mitigate the effects on intervisibility. departures from or relaxations within standard.

2.17 Figure 2/4illustrates the reduction in
intervisibility for a vehicle at the stop-line on the left
turn entry lane (Arm C) and the exit lane and pedestria
crossing (Arm D), caused by a major obstruction.
Figure 2/5illustrates how the intervisibility between
Arm C and Arm D can be mitigated, by moving the
stop-line forward and providing an in-liffeee
Paragraph 4.6]pedestrian crossing on Arm C. When
adjusting the position of the stop-line and pedestrian
crossing, the effect of the position of the pedestrian
refuge on vehicle swept paths should be checked, and
effect on pedestrians, particularly visually impaired
people, should be considered.

Loss of intervisibility from

D| Am C, reduced
[See paragraph 2.17]

Figure 2/5: Mitigation of Major Obstruction to

r / Intervisibility

Loss of intervisibility Corner Radii
from Arm C/caused by
Major Obstruction . o .
[See paragraph 2.17] 2.19 Where no special provision is to be made for

large goods vehicles it is recommended that the
minimum radius should be 6m in urban areas and 10m
in rural areas.

Figure 2/4: Major, Obstrdction to Intervisibility 2.20 Where provision is to be made for large goods
vehiclesTable 2/1andFigures 2/6and2/7 indicate the

minimum standards for circular corner radii and tapers.
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Variable Urban Rural

R 10m 15m

T 5 10

A 30m 25m

B 30m 25m

Table 2/1: Corner Radii and Tapers

Major Road
Am A

Figure 2/6:  Entry to Miner Road

Minor Road
Am B

Left Turn Lane, 3.0m - 3.65m
[~=— [See paragraph 2.22]

Figure 2/7: | Entry to Major Road

2.21 Where large goodsyehicles comprise a
significant proportion of the turning movements, use of
the compound curve shownkigure 7/3, TD 42

(DMRB 6.2.6)is recommended.

Carriageway Widths

2.22  Where new junctions are being designed as
signal-controlled junctions, entry lane widths should be
between 3m and3:65m, unless there are specific reasons
to justify the use of narrower or wider lane widths.

Where a significant number of cyclists are anticipated a
minimum width of 4.0m should be provided between
physical islands, while consideration should also be
givenrito the passibility of introducing specific measures
for gyclists as set out @hapter 4.

2.23 Where an existing signal-controlled junction or
anuncontrolled junction is being improved or modified
and available road space is restricted, then the permitted
lane widthsfor straight ahead entry lanes may be
reduced to 2.5m providing that theé"gtercentile

approach speed does not exceed 56kph (35mph), and the
reduced width enables a necessary extra lane to be
provided on multi-lane entries. In exceptional
circumstances lane widths may be reduced to 2.25m
where it is not necessary to make particular provision

for large goods vehicles.

2.24 Road markings should be provided to channelise
traffic and hatch out areas of carriageway which would
otherwise result in excessively wide lanes, or which
could cause driver confusi¢Bee Figures 5/1 to 5/3]

Entry Lanes

2.25 Where land is available, junction capacity can be
increased by widening the road in the vicinity of the
junction to provide dedicated left or right turn entry
lanes. Vehicles in the dedicated turning lanes will often
move independently to those in other lanes and sufficient
lane width and length should be provided to allow this.

A minimum width of 3m is recommended for the
dedicated turning lanes developed with tapers of 1 in 5,
as indicated ifrigures 2/8and2/9.

2.26 On single carriageway roads, right turn entry
lanes may be accommodated by the provision of a ghost
island. The ghost island should be designed to provide
adequate storage length for right turn vehicles and
should normally be developed symmetrically about the
centreline of the road with a taper of 1 in 10, as
indicated irFigure 2/10

2/4
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1.5m Minimum
[(See paragraph 2.38]
[y
e Lane 3
—e— | Lane 2
_ —_— Lane 1 ///]T—
'l A 5
( 3.0m minimum
L Storage Length (Lane 1) _ . Taper Length |
I [See paragraph 2.27] = 15m (min) |
Figure 2/8:  Left-Turn Approach Lang
1.5m Minimum
[See h 2.38]
i 3.0m minimum
s 5
B —~ Lane 3 —1 1
i Lane 2
g Lane 1

Storage Length (Lane 3) N Taper Lengt}l \

[See paragraph 2.27] 7 15m (min) !

Figure.2/9:  Right-Turn Approach Lane

7.5m 10

Storage Length Direct 10—
[See paragraph 2.27] Taper Ghost Island Taper

.

—~—— iv\ziz/j/> ‘-————-——

”-

>

Figure 2/10:  Ghost Island Layout
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Storage Length Lane Continuity

2.27 The storage length is the length of the entry lan€2.31  The number of straight.ahead entry and exit lanes

(full width), measured from the stop-line, over which  for a traffic stream should be balanceddn order to reduce

vehicles can queue without causing obstruction to, or conflict caused by traffic merging or diverging within the

being obstructed by, vehicles in the adjacent lane. junction intervisibility zone /Where it is necessary to
reduce the number of lanes on the‘exit arm this should

2.28 The storage length of the left and right turn entryse carried out béyond the junction intervisibility zone,

lanes should be designed to meet the capacity over a distance of 100 metres for a single lane reduction,

requirements of the junction. To avoid turning traffic  measured from the limit of the junction intervisibility

blocking the adjacent lane it should be of sufficient zone, as indicated Figure 2/11 The lane reduction

length to accommodate the longest queue of stopped may be carried out on either the nearside or offside

traffic. Similarly traffic may be prevented from entering dependent upon traffic conditions.

the left or right turn lane where there is a high

proportion of straight ahead traffic queuing in the 2.32 . The useof lane‘markings within the junction

adjacent lane. The storage length may be extended to intervisibility zone, as illustrated Figure 2/11, may

enable traffic to enter the turning lane unobstructed. also be beneficial to direct traffic streams and reduce
conflict where entry and exit lane widths vary or the

2.29 Where displacg&ee Figure 5/1pr remote alignment through the junction is not a direct path.

pedestrian crossings are installed designers should

ensure that adequate storage length is provided to avo@arriageway Widths Around Curves
traffic queuing back into the junction.

2.30 The term reservoir length refers to the length 2:33 Where provision is to be made for large goods
required for vehicles queuing, between the staggered’ Vehicles, buses and coaches, carriageways or lanes may
arms, at staggered junctions. The requirements for ~ 'equire widening around curves in accordance with the

stagger distances and reservoir lengths are-contained #andards contained D 42 (DMRB 6.2.6)
Chapter 5. paragraphs 7.25to 7.27

Recommended Distance 100m

[See paragraph 2.31]

Figure2/11:

Lane Continuity Through Junction Intervisibility Zone
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Swept Path Requirements non-standard situations. The use of computer simulated
models of the vehicles and their movements which can

2.34 The swept path requirements ofBresign be interactively superimposed upon a computer

Vehicle are defined iTD 42 (DMRB 6.2.6) generated design model of the junctionis preferred. The

use of computer simulated models to.predict swept paths
. . : may assist the designer to minimise the required

2.35 The nature of the signal-controlled junctior) widening within the junctioh. This may identify areas of
and its associated splitter islands and pedestriar superfluous carriagewdgee Figure 2/12which can
refuges may restrict the movement of vehicles, be effectively removedto providé greater footway width
particularly large goods vehicles, and allowance| for pedestrians, or to minimise the required widening and
shall be made for the swept turning paths of the| hence construction costs.

design vehicle where provision is to be made for
large goods vehicles. 2.38 The nosing of central reserves and pedestrian
refuges should be set back a minimum distance of 1.5m,

measured from.a line extended from the edge of the

2.36 Itis essential to ensure that adequate turning raﬁlﬂersecting road as.indicatedriyures 2/5, 2/8, 2/9
are provided for the swept paths of all types of vehicles,,45/1.

using the junction and the swept paths should be checked

for all permittEd turning movement%igures 2/12and 2.39 Adequate clearance between the edge of
2/13indicate examples of swept paths to illustrate the " caftiageway and any street furniture (including signal
general requirements. heads, backing boards and subsidiary signal heads) is
_ _ needed to prevent damage by vehicles having a lateral
2.37  The assessment of swept paths using simple 4\ eryang. A minimum clearance of 450mm should be

templates or overlays is not recommended as they do nghyided. Additional clearance may be required where
adequately predict the swept paths of the vehicles forfthe crossfall of the carriageway is greater than 2.5%.

B

Note
. The position of the pedestrian refuge
on Arm B has been set back to allow
: ﬁ | for the turning requirements of the
\ design vehicle.

Superfluous carriageway
[See paragraph 2.37]

Figure 2/12: Examples of Swept Paths
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Figure 2/13:  Setting Back Stop-Lines

2.40 Where no provision is specifically made for large
goods vehicles they may have difficulty in completing a

manoeuvre without encroaching into opposing lanes.

When this is likely it may be necessary to set back'the

stop-line (and crossings if present) where the conflict
would occur, as indicated Figure 2/13 Stop-lines on
adjacent entry lanes should not be staggered as large
goods vehicles in the nearside entry lane may prevent
vehicles in the offside entry lane seeing the.nearside
primary signal or pedestrians.

2.41 Indifficult confined situations the channel and
footway opposite the minor road may be set back to

Left-Turn Slip Lanes

2.42 Figure 2/15illustrates an example of a left turn
slip lane and separation island typical of a situation
where the proportion of left turning traffic is low and
large goods vehicles are expected infrequently. Large
goods vehicles which expérience difficulty turning may
encroach into the entry laf®rm C), causing conflict.
Where the proportion of large goods vehicles is
significant, adjusting the corner radius, providing a taper
and setting.the stop-line back; as indicatdeigure

2/16, should be considered to reduce the conflict.

\

provide additional carriageway for the swept path of the

large goods vehicle as indicated-igure 2/14

Footway diverted, width
Additional area of guardrail provided

Figure 2/14: Localised Widening at T Junction

Figure 2/15:  Left-Turn Slip Lane (without taper)

'\
LA
F Sc_t-back 1
e e
—

Figure 2/16: Left-Turn Slip Lane (with taper)
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2.43 Leftturn slip lanes may be signal-controlled or Right-Turning Traffic Movements
uncontrolled. A consistent approach to the layout of the

slip lanes and their associated pedestrian crossing 250  Accidents at signal-controlled junctions can occur
facilities should be adopted. Individual junction layouts s g result of conflict arising fromrightAurning traffic
should not mix uncontrolled and controlled crossings  movements. If local éircumstances permit, right turn
where they combine to form a single pedestrian crossingovements may bé banned)’Alternatively a number of
route[See Figures 5/2 and 5/4] signalling techniglies may'be empléyed to control the
right turn movements and these techniques should be

2.44 Uncontrolled left turn slip lanes may make considered at an early'stage of the design to determine
crossing for pedestrians more difficult as a result of o appropriate.measures.

increased vehicle speeds, and it is important to consider

the whole effect of the geometric layout upon pedestrian 51 Wwhere the 85pereentile approach speed is

crossing facilities. The effect of the taper, crossing  greater than 72kph (45mph) there is an increased risk of

lengths and pedestrian desire lines should be consideregcidents between right-turning vehicles seeking gaps

when identifying the locations for pedestrian crossings. and on-comingivehicles travelling at speed. It is
recommended in'such situations that right-turns should

2.45 Left turn slip lanes with a separation island be'separately signallé8ee TA 12 (DMRB 8.1.1
should be considered where: P y signallg ( L-1)

a. theleftturn traffic movement is high; Non-Hooking Arrangements
b. left turn manoeuvres for large goods vehiclesheetl52 \Whereé opposing right turn lanes can be aligned
to be facilitated; direetly.opposite each other turning movements are

_ _ improved with right turn traffic passing nearside to
C. delay for left turn vehicles would otherwise be < nearside (non-hooking) as illustratedrigures 2/17

significant; and2/18 Non-hooking road markings permit a small
number of right turning vehicles to wait within the
d. left turn traffic capacity requirements would junction intervisibility zone.
extend the green time required for/the straight
ahead traffic movement phase. 2.53 Figure 2/17illustrates an arrangement where the
central reserves on the major road are offset to facilitate
Separation Islands non-hooking turning movements on the major road phase

or a separate right turn phase.

2.46 Separation islands shall be provided to 2.54 Figure 2/18shows the right turning lane
separate uncontrolled traffic from controlled‘traffic separately signalled and segregated from the adjacent

where left turn slip lanes are provided, as indicafed ahead-only traffic by a traffic island. This feature is
in Figure 2/15 recommended on high speed roads and can be adopted in

other cases if local circumstances permit.

2_.47 _ Separation islands may also be provided in othez 55 Figure 1/1illustrates an example of a non-
situations to separate two independently controlled laneoking arrangement with separation islands provided to
of traffic on the same entry, as indicatedrigure 5/9. deflect the right turning traffic at a junction which is

. N ) subject to geometric constraints.
2.48 Separation islands.which also act as refuges for

pedestrians should be designed to accommodate
pedestrian refuge crossing facilities and associated
equipmenfSee Paragraph 2.39and should be

uniformly lit to current standards. Separation islands can
assist in providing safe crossings for pedestrians whilst
improving traffic capacity by the incorporation of
pedestrian call'stages, as illustrate#igure 4/2

2.49 “Guidance on the geometric requirements for
pedestrian refuges‘is containedimapter 4 of this
document.
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Figure2/17: Offset Non-Hooking Arrangement

Figure2/18: Aligned Non-Hooking Arrangement
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Traffic Signs and Road Markings information applicable to more than one turning
movement.

2.56 Traffic signs and road markings (including
yellow box markings) are specified@hapter 5 of the
Traffic Signs Manual, theTraffic Signs Regulations
and Qen_eral Directio_ns (TSRGD) 1994nd the Drivers. Direct
Traffic Signs Regulations (Northern Ireland) 1997 Line of Sight
(TSR[NI]) . Advice on the provision of road markings to
indicate non-hooking turns is givenTA 8 (DMRB

\7

8.1.1) N N " 7
High Friction Surfacing (HFS) Angle
2.57 The provision of adequate friction between /3_0}
vehicle tyres and the surfacing on entry carriageways to
signal-controlled junctions reduces the potential for | ‘

accidents to occur. k3

2.58 The requirements for Polished Stone Value and ]
Aggregate Abrasion Value are giverHD 28 (DMRB
7.3.1)and should be used to determine the need for HFS

on the carriageway approaches to the junction. I

2.59 When HFS is required, it is recommended thatit

is applied to the wearing course for a minimum length of
50m ahead of the stop-line on all lanes of an.approach.

The approach speed, accident record, average gueue
length, proximity of side roads and mix of traffic are all
relevant when determining the overall length of the HF
Any of these factors may result in anincrease/beyond
the minimum length.

Figure 2/19:  Locating Secondary Signals

%.62 Primary signal heads should be located a
minimum of 1m beyond the stop-line and in advance of
crossing studs or marks if pedestrian facilities are

2.60 Ifthe signal-controlled junétion incorporates. ~ Provided. For general advice on signal-controlled
pedestrian facilities on any of it§ arms and the pedestrian crossings designers should make reference to
application of HFS is being considered, then itis TA 68 (DMRB 8.5.1)
recommended that the HFS be continued past the stop:
line to the first line of crossing studs ormarks. In certai
circumstances where there are high approach speeds
reduced visibility or a downhill gradient it may be
appropriate to carry the HFS through to the second lin
of crossing studs or marks. If the HFS is taken past th
stop-line particular.attention must be paid to the colour
contrast between the HFS and the bituminous surfacin

to ensure high visibility of the stop-line and the crossin
studs or marks.

.63 In some circumstances it may not be possible to
ocate the secondary signal in the direct line of sight of
"the driver. For example at junctions with angled
@pproaches the maximum angle that the secondary signal
hould be displaced is 8om the driver’s line of

orward sight, as indicated kigure 2/19,

9.64 The distance between the stop-line and an
%ssociated secondary signal should not exceed 50m.

2.65 Where mast arms are being considered, any
Location of Signals technical approval and the requirements for the mast
arm foundation and maintenance requirements should all
2.61 There should be at least 2 signals visible from be determined at an early stage of the layout design.
each approach; and stop-line, usually comprising a
primary and.a secondary. Where separate signalling of2-66  Care must be exercised when providing multi
turning movements is employed this advice applies to tR@ased signal layouts, as indicateétigure 5/1where

approach lane(s) associated with each turning a displaced pedestrian crossing is illustrated, to avoid
movement, and'a signal post can then display “see through” where traffic (at point X) may be
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confused by the signal at the next stop-line (point Y). An
additional secondary signal should be considered in such
circumstances.

Landscaping

2.67 The design of landscaping within the highway
limits should be carried out in consultation with
appropriate specialists. The Design Organisation shall
consider the maintenance implications and where the
maintenance is passed to a third party, maintenance
standards must be agreed. If third parties wish to
enhance the standard of planting or landscaping at a
signal-controlled junction, for example with floral
displays, this shall be with the agreement of the
Overseeing Organisation, and should not compromise
visibility, safety or pedestrian, cyclist and equestrian
convenience. Further advice is giveMRB Volume

10 (Sections 1 and 3)

2.68 The transparency of pedestrian guardrail should
not be compromised by placing ornamental objects near
the pedestrian crossings or attaching them onto
pedestrian guardrails.

Maintenance

2.69 The position of the controller cabinet should be
considered at an early stage of the design, to ensure that
adequate visibility from the controller cabinet to the
signal head and stop-line is provided for each junction
arm. The controller cabinet should not be situated such
that it causes either physical orvisual obstruction to

road users and pedestrians.

2.70 When determining the junction layoutit is
important to consider access:and parking.arrangement
for the servicing of the signal equipment.
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3. SAFETY

General Principles d.

3.1  The purpose of signal control is to obtain the
most efficient use of available road space combined with
the maximum safety for all road users using the e.
junction. This chapter highlights those geometric design
features which have a direct effect upon safety and
provides additional guidance on good design practice t?
enhance safety. Additional guidance is contained in the'
publicationCode of Practice for Traffic Control and
Information Systems

Accidents h.

3.2  The majority of accidents occur at or in the _
vicinity of junctions. I

3.3  Existing accident rates should be quantified,
conflicts identified and accident rates predicted (openin
and design years) for the proposed layout, in orderto
determine achievable benefits with regard to safety.

3.4  The installation of signal control at an existing .
priority junction is often the concluding action of a
detailed accident study. Designers should take‘account of
recommendations made by the accidentinvestigation
team and identify items of the junction layout and
furniture, such as signing, lighting and surfacing which,

if improved, may assist in lowering the accident rate.

Good Design Practice

3.5 Inaddition to signalling techniques and the
method of control, inclusion of certain design features i
junction layouts can, in some situations, positively
influence the overall safety.of a junction. The designer a
may consider using these features singly or in
combination but should.assess their likely value and
effectiveness for individual sites. Examples are:

a. use of types of guardrail giving intervisibility
betweendrivers and pedestrians (including smally
children and push chairs);

b. provision ofan.island/refuge to accommodate
secondary or offside primary signals;

3.7

3.6
anortant effect upon safety is containe®MRB 8.1,
as identified below:

high friction surfacing,on the immediate
approaches o the signals on . roads with high
approach speeds;

clear and unambiguous traffic signs and road
markings-on.the approaches to guide drivers into
the correct l[anes;

carriageway markings to promote non-hooking
right-turn movements;

removal of right turn movements, if feasible;

fitting crossing routes to pedestrian desire lines,
and using,guardrail to guide pedestrians;

provisions for disabled pedestrians such as
audible and tactile devices;

specific measures for cyclists;

road lighting;

use of barrier kerbs to restrain large goods
vehicles and prevent damage or danger caused by
vehicle overhang;

the provision of backing boards to signal heads

will improve clarity of signals in different light
conditions.

Controller Settings

Guidance on the controller settings which have an

intergreen periods;
minimum green periods;
vehicle actuated extension times;

gueue detection.

Road Lighting

Guidance on road lighting is contained'im 30

C. improved horizontal and vertical alignments on  (DMRB 8.3.3).

the approaches to increase visibility;
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3.8 llluminated bollards, signs and lighting columns h.
should be placed so that they do not detract from the
conspicuousness of signal heads and it is essential that
the lighting requirements are considered at an early stage
in order to fully incorporate them into the design. _

J.
3.9  The location of lighting columns should be
assessed to ensure they do not cause obstruction to
signal heads or associated signing.

3.10 The effect of illumination from other sources

such as adjacent commercial properties should be takdn
into account when considering the position and type of
signal heads. Visibility of the signal head can also be M-
adversely affected at sunrise and sunset. Measures can
be taken to alleviate some of these problems and shouly
be considered at an early stage of the design.

High Friction Surfacing (HFS)

3.11 HD 28 (DMRB 7.3.1)is used to determine the
need for HFS on the carriageway approaches toa
junction. If HFS is needed there may be a delay/between
the laying of new surfacing and the application of HFS
material. This can mean that the high level of skid
resistance specified HD 28 (DMRB 7.3.1)may not

be available in that intervening period, resulting in an
increase in the possibility of shunt or wet weather
accidents. It may therefore be appropriate to take
preventative action for this period, such-as delaying the
commissioning of the signals, or erecting appropriate
warning signs indicating slippery road ahead.

Other Design Criteria

3.12 Other factors to be considered duringthe design
process include:

a. classified traffic flows and proportion of large
goods vehicles;

b. traffic movements;

C. pedestrian flows andfacilities;

d. vehicle detection equipment;

e. early cut-off/late start'operation (late release);
f. accident statistics;

g. proximity of other junctions and pedestrian
crossing facilities;

proposals for other junctions within the immediate
vicinity;

alternative forms of junction;

other means of traffic control (including level
crossings);

is the junction within, or close to, an Urban
Traffic Control Area;

is the'junction within a light rapid transit area;
cyclist/equestrian facilities;

is the junction on an abnormal load route.
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4. ROAD USERS’ SPECIFIC REQUIREMENTS

General 4.6  Pedestrian crossings.should normally be located
beyond the limits of the junction radius (inset crossings)

4.1  When signal control is being considered the 0 minimise the road crossing distance. In some

extent of pedestrian crossing movements, cyclistand Circumstances however, it may not be possible to
equestrian usage, and bus movements should be provide inset crossings and the crossing may need to be
determined and the provision of Specrﬁc measures pOS|t|0ned withinthe limits of the JUnCt|On ra.dn'“ne

included unless site specific considerations warrant theff0ssing) Inthese cases the pedestrian refuge should be
exclusion. located at a minimum offset of 1.5m measured from a

line extended from the edge of the intersecting
4.2 Provisions for pedestrians, cyclists, equestrianscarriageway as indicatedFigure 2/5 In-line _
and buses may require additional signing in accordanc@edestrian crossings will result in longer pedestrian

with theTraffic Signs Regulations and General crossing distances and particular consideration should be
Directions (TSRGD) 1994 theTraffic Signs given to the problems associated with vulnerable road
Regulations Northern Ireland (TSR[NI]) or may users.

require special authorisation by the Secretary of State. , , ,
Designers should make reference tddbpartment of 4.7 Guidance on the use of Tactile Paving Surfaces
the Environment, Transport and the Regions (DETR) /IS contained,in the advice from tb&TR Mobility

publication list which identify recent developments ~ Unit.This provides guidance on the use of dropped
regarding policy on traffic control and management ~ k€rbs and tactile surfaces at pedestrian crossing points
issues. and recommends the type of tactile surface arrangement

to be adopted at inset and in-line pedestrian crossings.

4.3 TA 68 (DMRB 8.5.1)provides advice on.the
assessment and design of pedestrian crossings as
contained in théocal Transport Notes (LTN)
identified in theDETR publication list. References to
pedestrians in thelNs should be read to'include
cyclists and equestrians, however it should be noted that
only pedestrians may legally use a pedestrian crossing4.9  The provision of tactile paving and tactile

Where cyclists are to be permitted to ridesacross the devices, audible signals, dropped kerbs and guardrail are
crossing (this should be at all lacationsiwhere cyclists all mobility aids designed to assist disabled pedestrians

4.8 Where pedestrians are expected to cross prms
of a junction, tactile surfaces and dropped kerbs|
shall be provided.

are expected to use the crossing plaad®ucan at the crossing. Designers should consult with specialist
crossing should be provided forjoint use by pedestriansorkers who teach mobility skills to users, to ensure that
and cyclists. the use of such aids is not compromised by poor design.

4.10 Pedestrians should be encouraged to use defined
points to cross the road. Preferably, crossings should be
located to minimise crossing distances and to avoid
excessive detours. It may be desirable to restrict the
pedestrian crossings to certain approaches at a signal-
controlled junction (eg limitations on intervisibility or

45 TA 15 (DMRB 8.1.1)sets out the measures conflicts with private accesses). Guardrails should be
' . used to discourage pedestrians from crossing at

which can bagggpted to assiif pedestrians to cross dangerous locations and to channelise them to the

carriageways at signal-controlled junctions and provides : . : ,
: . . ; appropriate crossing points. The following measures can
guidance.onithe overall requirements (and dimensions)

for staggered and displaced pedestrian crossing 1‘aci|itié:(s).mrIbUte toimproved safety and convenience:

TA 68/ (DMRB_8.5.1)outlines the requirements for
refuge islands and staggered crossingss7 (DMRB
6.3.3)contains additional guidance on kerbing and
guardrails. b.

Specific Measures for Pedestrians

4.4  Where a pedestrian heed is established then
appropriate signal’controlled facilities should be
provided.

a. fitting crossing routes to the pedestrian desire
lines;

the provision of pedestrian guard rails;
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C. the provision of tactile surfaces to assist

pedestrians with impaired vision;

d. the provision of dropped kerbs to assist

wheelchair users;

4.13 Complex patterns of large areas of tactile paving
should be avoided, as these may confuse visually
impaired pedestrians. A'consistent approach should be
adopted for all separation islands.within an individual
junction layout.

e. the provision of pedestrian signal phases; ) _ .
4.14 Tactile surfacing at the extremities of

pedestrian crossing places shall be laid in the “L
shape pattern. Tactile surfacing is not recommerjded
within pedestrian.refuges or separation islands
where the signal staging is intended to allow
pedestrians to cross the whole width of the
carriageway in one movemgBee Chapter 4.7]

f. providing good intervisibility between pedestrians
and drivers.

4.11 Where existing junctions are being modified
buildings may obstruct intervisibilif{see Paragraphs
2.14 and 2.15phnd in these circumstances measures to
move the stop-line forward should be considered. This
may require pedestrian crossing routes to be diverted
away from the immediate junction intervisibility zone
(or the provision of inset crossings), and the effect on

Crassing Places

pedestrian desire lines should be considered.

Pedestrian Refuges and Separation Islands

4.12 Where a pedestrian crossing stage is tim

one movement, then the width of the pedestrian
refuge ‘w’, as indicated iRigure 4/1, shall.be
1.5m minimum.

| ‘w |
/ Secondary Signal
Pedestrian Crossing /4|
Studs or Marks AN
%

A
Keep Left /

Bollards 24m - 10m
" s u B \ & a s a a 8 =
\é Dropped Kerbs
/ AN
Stop-line Primary Signal
~N
Figure 4/1:  Pedestrian Refuge

4.15 The crossing place should be indicated by two

rowsof studs or marks each of the dimensions given in

TSRGD andTSR[NI], and set out as shown in

Diagram 1055 of the Regulations. The Regulations state

that the:minimum width of the crossing place is 2.4m.
t9rhe width of the crossing place is dependent on the site

permit pedestrians to cross a whole carriagewayin conditions but is normally in the range 2.4 to 5 metres.

Usage'by large numbers of pedestrians may require the
width to be increased up to 10.0foucancrossings
should be a minimum of 3.0m wide and preferably 4.0m
wide. The crossing place should be designed to a width
which avoids the need for unnecessary cutting of the
tactile paving units and dropped kerbs.

4.16 Pedestrian crossings should be perpendidcular
to the edge of carriageway to assist intervisibility]
and benefit visually impaired peop&ee Figure
4/2]. However in some circumstances it may be
necessary to provide them at a skew angle. In a
circumstances the tactile paving should be correftly
aligned to direct visually impaired people safely
across the crossing. To achieve this the upright ¢f
the “L” shape shall always be aligned in the
direction of the crossingee Chapter 4.7]

4.17 TA 68 (DMRB 8.5.1)provides guidance on the
assessment and design of pedestrian crossings. The
preferred orientation of staggered pedestrian crossing
facilities is such that pedestrians within the central
reserve are facing oncoming traffic as they approach the
crossing, as illustrated Figures 2/17 and 2/18In

some circumstances, due to geometric or capacity
constraints and the pedestrian desire lines, this may not
be achievable, as illustratedrigure 5/3 (Arm A) and
Figure 5/4 (Arm C).
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Figure 4/2:

Specific Measures for Cyclists

4.18 Additional information on the provision of
dedicated cyclist facilities is containeddn the documents
referred to in th®ETR publication listandA 68 a.

&

Figure 4/3:

Advance Stop-Line for Cyclists

4.21._ /At cycle tracks, Toucan crossings provide a
controlled combined crossing for cyclists and
pedestrians:

Pedestrian Crossing Facilities on
Separation Island

Bus Lanes

4.22 <The documents referred to in DEETR

publication list provide advice and design guidance on

(DMRB 8.5.1).

4.19 Along main traffic routes the provision of cycle

lanes to separate cyclists from/other vehicular traffic and

delineate clear routes may be appropriate and‘those
measures which should be considered are:

a.

C.

mandatory cycles lanes, which exclude other
vehicles;

advisory cycle lanes, which do not exclude other
users and which may be more appropriate where
space is restricted;

cycletracks. d

4.20 Advancestop-lines for cyclig&ee Figure 4/3]
may be beneficial, enablingcyclists to:

C.

traffic management methods which may be used to assist
buses at signal-controlled junctions. These include:

withflow bus lanes which are terminated in
advance of the stop-line to ensure that the full
width of the stop line is available to all traffic
during the green period, thereby minimising
delays to other traffic and accommodate left turns
[See Figure 5/3]

contraflow bus lanes permit buses to travel
against the main direction of traffic flow in one-
way streets, thereby avoiding unnecessary
diversions and providing improved access;

turning exemption, allowing buses to make a
turn which is prohibited to other traffic;

selective detectiorgiving priority to buses fitted
with a transponder which is recognised by the
signal controller;

a. position themselves ahead of other traffic; € on W'thﬂow bus Ianeseparqte t_rafflc signals
can be installed at the termination of the bus lane,
b assisttlirning manoeuvres: in advance of the main junction intervisibility
' ' zone, providing Aus advance aredetween the
c.  be more visible to motorists; two sets of signal control.
d. clear the junction before other vehicles.
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4.23 Where contraflow lanes are reserved for
buses and cyclists on one-way roads they shall lle
separated from other traffic by a traffic island on

the exit from the traffic intervisibility zone.

4.24 Cyclists are normally permitted to use withflow .

bus lanes. Other classes of vehicles which may be
permitted to use bus lanes in certain circumstances,
provided Traffic Regulation Orders are implemented,
include emergency vehicles, motor cycles, taxis and
goods vehicles.

Specific Measures for Equestrians

4.25 Special authorization is required for signal
controlled crossings incorporating equestrian facilities.

4.26 Additional information on provision for
equestrians is containedTA 57 (DMRB 6.3.3)and
TA 68 (DMRB 8.5.1)

g. staggered crossings/are not advised for
equestrians;

h.  timings should take inte aecount the special needs
of equestrians and the additional intergreen
period,;

segregation of equestrians from pedestrians and
cyclists.

4.28 Figure4i/4illustrates an example of a segregated
pedestrian/equestrian crossing where a bridleway
approaches and crosses a single carriageway.

4.29 TA68 (DMRB 8.5.1)does not encourage the use
of central refugesion single carriageway roads, however
where a signalled equestrian crossing is being provided
the use of‘central islands with a single stage crossing
may be considered appropriate, to:

a. focus drivers’ attention on the crossing;

b. prevent overtaking;

4.27 Where specific measures are being considered for

equestrians it is important to recognise that the reactiof-

of horses is not predictable and that when startled or
upset they may act defensively or try to take flight,

which can make control difficult for the rider. Designers

should consider the effect of such behaviour on other
road users when providing specific measures for
equestrians. The following measures; should be
considered for equestrians:

a. increase eye height to 2.7m when considering
visibility requirements forfriders;

b. avoid situating crossing paints‘in soft verges

act as a speed reduction measure.

4.30 <TA 57 (DMRB 6.3) recommends that
uncontrolled at-grade equestrian crossings of dual
carriageways are not provided. When determining the
requirements for bridleways Designers should consider
diversions to avoid the need to cross the dual
carriageway at-grade. Where diversions cannot be
provided Designers should consult with local equestrian
groups and the overseeing organisation before
proceeding with proposals for controlled crossiiSge
Paragraph 4.27]

which contain dangerous items such as manholes,

gullies and ditches;

C. ensure that there is sufficient verge width to
accommodate the horse(s);

d. avoid excessive use of large roadmarkings on the

carriageway or crossing, which can disturb
horses;

e. avoid{ocating crossings where sudden noises are

likely to oceur;

f. push button units should be installed at 2.0m
height formounted equestrians with additional
units at standard height for the dismounted rider
leading the horse;
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4 Push Button Unit mounted at Holding Area
standard height.

2 Push Button Unit mounted at
2.0m high.

3 2 Push Button Units, one
mounted at standard height &
one at 2.0m high.

\a Red snd Green Horse aspect

Red and Green Pedestrian
aspect and Green Cyclist aspect.

|
1
[
1
I
|
|
1
1
|
|
|
I
|
|
|

Bridleway

Figure 4/4: Combined Toucan and Equestrian Crossing
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5. JUNCTION ARRANGEMENTS AND OPERATION

General Principles Classified Traffic Counts

5.1  This chapter provides figures to illustrate 5.6  Classified traffic counts (including pedestrians,

examples of signal-controlled junctions. It is not possiblequestrians and cyclists) for all proposed operating

to illustrate all variations in junction arrangements and conditions, including off-peak, should be undertaken in

designers will be required to develop particular solutionsrder to assess the junction operation for both opening

to suit site conditions. In some of the figures pedestriarand design years. It is important that confidence can be

facilities have been omitted for the purpose of clarity placed in‘both the peak and off-peak period flows used

and in order to demonstrate that pedestrian facilities méyr signal control design purposes, particularly where

not be appropriate or possible in some circumstances part-time signals are to'be used. The junction layout and

[See Chapter 4] arrangement should be designed to achieve a safe
efficient layout and signalling system to cater for all

5.2 For the purpose of clarity, pedestrian guardrail rgad users.

has not been indicated on the examples illusti&teel

Chapter 4].

5.3  Complex layouts for signal-controlled junctions
should be avoided and it is desirable to adopt the
simplest solution appropriate to the junction. The size
and complexity of a junction is dependent on the
combination of geometric design features described'in
Chapter 2, and the number of phases, stages.and
separately signalled movements.

5.4  When designing signal-controlled junctions the
designer should ensure that drivers:

a. have sufficient advance warning to know exactly
which route to take at the junction;

b. are then guided into the‘intended lane (or lanes) by
road markings and signs;

C. have a clear view ofthe signals atthe junction;

d. have a clear view of pedestrian crossing facilities
on their approach.and departure;

e. have adequate intervisibility within the junction
intervisibility zone.

5.5  Existing priority junctions such as simple
T-junctions,€ressroads and roundabouts can often be
modified to accommodate the requirements of signal
control more readily than staggered junctions, skew
junctions or those with more than four arms.
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Signal-Controlled T-junctions a.

5.7 Figure 5/1illustrates a simple, small urban
signal-controlled T-junction, typical of a situation where?-
available road space may be restricted and the presence
of large goods vehicles in significant proportions is not
expected. For the purpose of this example it is assume
that the low pedestrian movements combined with the
requirement to provide a right turn from Arm C to Arm

B have led to a decision not to provide a pedestrian
crossing on Arm C. The following specific design
features are incorporated into the example:

Existing Pedestrian
Desite Line =~ ===----

Storage Length

[See paragraph 2.29] ’//K’

circular corner radii without tapers (no provision
for swept paths of large goods vehicles);

a ‘displaced’ pedestrian cressing.on Arm B linked
to the junction signals;

an in-line pedestrian crossing.on Arm A.

In-Line pedestrian Crossing
[See paragraph 4.6]

,/%/ Displaced Pedestrian Crossing [See

paragraph 4.6, TA15 (DMRB 8.1.1)]

L 7 L/ 4 —,—
et
Arm A Arm C
Figure 5/1: Example of a Small Signal-Controlled T-Junction
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5.8 Figure 5/2indicates an example of a large urbanb.
or larger rural signal-controlled T-junction between two
dual carriageways, typical of a situation where available
road space is not severely restricted, and a significant C.
proportion of Large Goods Vehicles is anticipated on all
arms. In this example however, it is assumed that a
pedestrian crossing cannot be provided on Arm A due &
localised physical constraints. The following specific
design features are incorporated into the example: €.

a. signal-controlled left turn slip langsee
Paragraph 2.43]and separation islands (Arm A
to B and B to C);

larger corner radii with tapers (provision for
swept paths of large goods vehicles);

all staggered pedestrian crossings are indicated in
the preferred orientation;

roadmarkings provided to channelise traffic;
additional pedestrian guardrail between points

andY to guide pedestrians to crossings (not
indicated).

For the purpose of clarity Pedestrian
Guardrail is not indicated

Figure 5/2: Example of a Large Signal-Controlled T-Junction
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Signal-Controlled Crossroads b. circular corner radii without tapers (no provision
for large goods vehicles);

5.9 Figure 5/3illustrates an example of an urban
signal-controlled crossroads, typical of a situation where
available road space is restricted but there is sufficient
width to provide a localised central reserve on the maj
road. The presence of large goods vehicles in significa
proportions is not expected and the major road is an
important bus route. The following design features are
incorporated into the example:

bus lane discontinued on approach to junction
(Arm A).

10 InFigure 5/3the bus lane has been terminated in
advance of the junction intervisibility zone and the
associated pedestrian.crossing /In this example the
staggered pedestrian crassing, which is part of the
junction signal operation, isnot in the preferred

a. localised widening on the major road to facilitate OrientatioffSee Paragraph 4.17]
a staggered pedestrian crossing facility;

For Details of Staggered Pedestrian Crossing

[See Paragraph 4.5] L—

,!——‘— / N
Qa4

3NV

,_.————%_C: i,
== ZQ&\—_L’;; x&—‘]{‘\ L 72 == T
N\
[Am D]

J E__
wﬁ
i

Figure 5/3: /Example of a Signal-Controlled Crossroads with a Staggered Pedestrian Crossing

' Ii\

R L

?f
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5.11 Figure 5/4illustrates an example of a larger, a. uncontrolled left turn'slip lane (A'to.B), circular
more complex urban or rural signal-controlled crossroad radius without tapers (Arm B to C), controlled left

junction between two major dual carriageways. This turn slip lane (C to D):and left turn'ban (Arm D
example is intended to illustrate a situation where, to A);

although available road space is not generally restricted,

there are some physical constraints which impose b. due to the constraintsiimposed by the separation
limitations on the turning provisions, junction island, the staggered pedestrian crossing on Arm
intervisibility and the orientation of the staggered C is not the preferred orientation;

pedestrian crossings. The following design features are

incorporated into the examp|e: C. the staggered pedestrian Crossing on ArmD

indicates the preferred orientation.

777

Building

//////////
Building

Note:
Left turns from Amm D to
Arm A are prohibited

| e

Figure 5/4. Example of a Large Signal-Controlled Crossroad
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Signal-Controlled Staggered Junctions influence on safety and capacity. A large stagger may
result in the arrangement needing to be treated as two

5.12 Signal-controlled staggered junctions may be separately signal-c_ontro"ed junctions, whereas a small
right/left or left/right as indicated figures 5/6and5/7 ~ Stagger possibly with a banned turn may allow the
respectively. Both arrangements for signal-controlled junction to be treated as a simple'signal-controlled
staggered junctions present their own problems with crossroa_d. The stagger dl_ste_mces will usuglly_determme
respect to signal contr6TA 16 (DMRB 8.1.1))and as the phasing, stages and timing of the traffic signals

a prerequisite to design, traffic management techniques . .

should be considered to eliminate or reduce these 219 Where the stagger distance is greater than 250m
problems. No two junctions are alike in these respects th€ junctions should normally be considered as two

and general guidance only can be providigure 5/5 separate independent signal-controlled T-junctions.
illustrates the terminology used to describe staggered
junctions and for the purpose of clarity no pedestrian
facilities are indicated.

5.16 With a stagger distance between 75m and 250m
the junctions should normally be treated as two separate,
signal-contralled T-junctions with local linking of the

5.13 The combination of turning movements from signals to favour the major flows of traffic through the

each individual traffic lane and the geometric constrain{§Pction:
imposed by the junction may cause junction blocking
where insufficient reservoir length is provided. This can™
result in traffic congestion and conflict and thereby
reduce junction safety for all road users. b

“straight ahead” on the major road (Arms Ato C
and C to A);

the flow to and from the two staggered arms

_ (Arms B to D and D to B);
Stagger Distances

or

5.14 The stagger distance at a junction is the distance o
along the major road between the centre-lines,of the twé ,«@ combination of the above.
minor roads as indicated igure 5/5and has a major

Stagger Distance

|

! Reservoir Length
' & ‘§&
e aEs

— N -

Centre-lineof
Minor Road D) |
—E-

5 Q
o
£
For the purpose of clarity all gi 5
pedestrian crossing details are S §
omitted from the layout.

Figure 5/5:  Stagger Distance and Reservoir Length
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5.17 Where the stagger distance is below 75mthe a. two lane approach and departure on all arms;
junction should normally be considered as a single

signal-controlled staggered junction, provided thereis b.  circular corner radit without tapers (no provision
sufficient reservoir lengtfsee paragraph 5.18] for large goods yehicles);

Reservoir Length c.  inner stop-lines.

5.18 The reservoir length is the distance between theLeﬂ/Right St2g0R

inner stop lines, as indicatedfigure 5/5. The

available length for the reservoir is dependent upon thed.24 A left/right.staggerwillusually have difficult
stagger distance and whether or not pedestrian crossirfégffic conflicts which eould have an adverse affect upon
facilities are provided within the stagger distance. safety.

5.19 As the stagger distance reduces below 75mit 5.25 [Ifsueh a junction with less than a 75m stagger is
becomes more difficult to provide for the inner stop ~ signalled usinga 2-stage control (ie both the staggered
lines, pedestrian crossing facilities and the associated arms run together), the major problem is conflict of
signals, where required. The shortest effective reservoiraffic [marked as “X™ - “X” on Fig 5/7] as the traffic
length is 15m. With a reservoir length below 15m itis €merging from oneof the arms turns right across the
recommended that the junction be treated as a signal<Path of #/ehiclesturning right into the same arm. This

controlled crossroad with special account being taken ¢@n be particularly dangerous when drivers do not have
the longer clearance distances. intervisihility approaching the conflict point. Unless

these movements are very low in volume and the length
5.20 Staggered junctions may suffer from junction  ofstagger is small, it is recommended that 3-stage
blocking due to a limited reservoir length between the /Signalling be used with separate stages for each of the
two staggered arms. staggered approaches.

5/26 Figure 5/7illustrates an example of an urban
left/right staggered signal-controlled junction, typical of

_ y . assituation where the stagger distance is less than 75m,
5.21  Depending on the volumes and distribution 0f o reservoir length is greater than 15m and the presence
traffic, and the stagger distance, the innerstop-lines 4t |3rge goods vehicles in significant proportions is not

[marked “Y” on Figure 5/6] are of varying Importance. gynected. The following design features are incorporated
With a stagger distance of 75m or greater the inner,stop;ihe example illustrated:

lines should be included to eliminate thevery long
clearance distances and extended intergreen petiods 5. two lane approach and departure on all arms;
which would otherwise be necessary.

Right/Left Staggers

b. circular corner radii without tapers (no provision

5.22 Where a significant velume of pedestrian for large goods vehicles);
movements is anticipated the staggered junction may
require pedestrian facilities at each stop-line as C. inner stop lines.

illustrated on Arms A/C and D &igure 5/6 (lower

half). Where no pedestrian.desire lines exist, and the
stagger distance is;not too great a reduced number of
pedestrian crossing facilities may be justified, as
indicated on Arms B and C &fgure 5/6 (upper half).

5.23 Figure:5/6illustrates an example of an urban
right/left staggered. junction, typical of a situation where
the stagger distance is;less than 75m, the reservoir length
is greater than 15m and the presence of large goods
vehicles in significant proportions is not expected. The
following design features are incorporated into the
example.illustrated:
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Note: n
Left turns from Arm B to [
Arm C are prohibited H

Footpath and
Cycletrack
N l\] Inset Pedestrian Crossings
i {See Paragraph 4.6]
A I
Figure 5/6: Example of a Right/Left Staggered Junction
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Arm C

For the purpose of clarity no pedestrian
crossing has been indicated within the

Stagger Distance [See Paragraph 5.18]. 4 l ‘

Figure 5/7: Example of a Left/Right Staggered Junction
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Signal-Controlled Skew Junctions 5.29 Problems associated with angles of intersection
less than 70are:

5.27 The angle of intersection between the major and . _ _
minor carriageways should preferably be, @though, & Priority may notbe obvious to drivers;
intersection angles betweer? adid 90 may be
acceptable where physical constraints are significant.
Where the roads intersect at angles other thathe0
major problems encountered are tight turning
manoeuvres and locating secondary signals. Turning
radii can be improved by the introduction of left turn slip
lanes. It may be desirable to set stop-lines back by a
significant distance to accommodate the junction corner
radii, left turn slip lanes and to assist in locating
secondary signalBigure 5/8illustrates the terminology
used to describe skew junctions and for the purpose of
clarity no pedestrian facilities are indicated.

b. intervisibility within the junction intervisibility
zone may be adversely affected;

undesirable‘high speed turning movements may be
possible on the obtuse angles of the junction;

difficulty in locating secondary signals
satisfactorilyfSee Paragraph 2.63]

5.28 Intersection angles belowahall be
considered as departures from standards.

| Left turns from Am B to
o . '3:: Am C prohibited

TaECET

-

ft liplane \ s Angular Displacement of
" - Aot s
[See peragraph 2.63]

Figure 5/8: Example of a Signal-Controlled Skew Junction
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5.30 Figure 5/8illustrates an example of an existing Signal-Controlled Junctions On One-Way.Roads
urban signal-controlled skew junction between two

single carriageways intersecting at, #9pical of a 5.31 Figure 5/9illustrates an.example of a signal-
situation where available road space is restricted and thgntrolled junction between two one-way roads (Arms A
presence of large goods vehicles in significant and B) and a two waly road (Arm C) ificorporating a

proportions is not expected. The following specific  gpjitter island and pedestriah crossing facilities.
design features are incorporated into the example:

Signal-Controlled Junctions With‘More Than Four

a. single lane approach and departure on all arms;Arms

b. circular corner radii without tapers (no provision
for large goods vehicles); 5.32 When signal-controlled junctions have more than
4 arms efficient signalling is difficult to design. The
C. a simple left turn slip lane and priority junction  banning of one or more right turns or directing traffic

(Arm D to A); away fromthe junctionwill assist in alleviating these
difficulties. It is notpossible to give general guidance
d. left turn movements from Arm B to C are and each case should be treated according to the specific
prohibited due to the tight corner radius. problemsdnherentin the layout.

Am B
(One Way)

Arm C

Arm A (Two Way)

(One Way)

Figure 5/9: Example of a Signal-Controlled Junction On One-Way Roads
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6. SIGNALISED ROUNDABOUTS

General frequent pedestrianrossing facilities should be designed
in accordance with the advice containeGlvapter 4.

6.1 Guidance on the provision of traffic signals at

roundabouts is containedlincal Transport Notes 6.6 The provision of traffic sighals on entries to the
(LTN) identified in theDepartment of Environment, roundabout glso assists in sepgratlng the conflict
Transport and the Regions (DETR)publication list between vehicularand pedestrian movements. When
which discusses the specific traffic problems associateddnal-controlied pedestrian crossing facilities are

with roundabouts which may be resolved by the incorporated on the exit arms designers should ensure

application of traffic signals, with or without the need  that adeguate storage length is provided to avoid traffic
for geometric changes. Where roundabouts require ~ dueuing'back onto the circulatory carriageway.

signals on most or all entries, computer programs are

usually employed for modelling purposes. Geometric Design Standards

6.2 By acombination of physical improvements, roagl7  This chapter provides guidance on the application
markinggSee TA 78 (DMRB 6.2.3)lnd signalling it of geometric design standards for signalised
may be possible to increase capacity, provide better . ndabouts.

balance of queues, reduce speed and improve safety

(particularly for cyclists). Lane control at signalised 6.8« Fhe geometric design standards contained in
roundabouts may be improved by the effective use of 7D'16 (DMRB 6.2.3)should be applied to external and
route indications on the external and internal approachgfernal approaches which operate in a self-regulating

to direct traffic to the appropriate exit arms, as manner at any time (ie those approaches without signal
illustrated inFigure 6/1 control and those with part-time signal control). The

o standards contained D 16 (DMRB 6.2.3)should
6.3 Under normal priority control at each entry, 3|50 be applied to those approaches with indirect signal
roundabouts operate in a self-regulating manner. control[See Paragraph 6.16]

However signalised roundabouts have signal control on

one or more of the external approaches (entry arms) agdy  The geometric design standards contained in
may also have signal control on one or more intémal Chapters 1 to 5 (inclusive) should be applied to external

approaches (circulatory carriageway). Signalised approaches which operate with dif&ge Paragraph
roundabouts may also operate(in a selfsregulating  6.15]full-time signal control. The standards should also
manner to a varying degree, depending upon a be considered for those external approaches which

combination of the extent, method and duration of the gperate with direct part-time signal control, however the
signal control conditions and.the size of the/roundabouttandards contained D 16 (DMRB 6.2.3)take
[See Paragraphs 6.12 to®6.21] precedence under these circumstances.

6.4  No two signalised roundabouts will be alike and6.10  For signalised roundabouts the junction

as a consequence general guidance only can be providggervisibility zongSee Paragraphs 2.10 to 2.18jn
on the geometric design forvarious forms of signalisedthe circulatory carriageway should be measured to a

roundabouts. point 2.5m beyond the secondary signal, as indicated in
Figure 6/1
Pedestrian Crossing Facilities
6.11 The requirements for junction intervisibility
6.5  This chapter provideg. advice with regard to [See Paragraphs 2.14 to 2.18hall be applied to
larger roundabouts located in rural areas where all internal and external approaches which operdte
pedestrian movements are infrequent or non-existent. N |, der signal control at any time.
urban/locations, particular care should be taken to catér
for pedestrians and advice concerning the type and
location of facilities is contained in th&Ns identified
in theDETR publication list. Where pedestrian usage is
November 1999 6/1
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6.16 Indirect signal controlis the condition where the
signals are situated at such a distance away from the
roundabout entry, that the entry continues to operate in a
self-regulating manner undernormal priority control.

Intermittent lincs are not
required between X’ and Y’ for
full-time signal control

{Sce Paragraph 6.19] Figure 6/3illustratesan example of asignalised
Circulatory roundabout with indirect sighal control on each entry
Carriageway arm.
A A 6.17 Indirect signal control may be used where an
Eamy) %// < B entry arm with a very heawytraffic flow is preceded by
g / P.ng:t (ie is to the left of) an.entry arm with a very light traffic
A flow. The heavy flow may often proceed virtually
// uninterrupted, possibly with high circulatory speeds.

This causes an unbalanced traffic flow which adversely
affects the capacity of the roundabout and can lead to
excessive queue lengths (and substantial delays) to other
external approaches which in turn may result in
congestion at preceding junctions or on slip roads.

6.18. /The installation of indirect signal contfBke
Figure 6/1:  Junction Control Area Figure 6/3] can be introduced to control entry flows on
one or more approaches and can provide a gap in the
circulatory traffic, to favour those entry arms which
were previously subjected to excessive delays and
_ _ _ y ueues; In this way the capacity of the entry arms can be
6.12 The engineering problems posed in the design ogalanced however increases in vehicle gap distances may

a signalised roundabout are usually more exacting for ge detrimental to cyclists and pedestrians crossing the
small roundabout than for a large roundabout. This is grms.

due to the physical constraints imposed/n the internal
link lengths between each signal-controlled approach
which affect the interaction between the individual
approach signals.

Size

" Duration of Signal control

6.19 Full-time control is the condition where signals
are permanently operating. Under full time signal control
the give way road marking across any signalised entries

_ N _ to the roundabout should not be provifleee Figure
6.13 Fully controlled is the condition where signal  g/1).

control is provided on all internal and external

approaches (ie the direct méthed of signalcontrol).  6.20 Part-time control is the condition where signals
are switched on at set times (generally peak periods) or

6.14  Partial-control is the condition where one or morgnder certain traffic conditions by queue detectors.

of the approaches remain under priority control. Partiakyhen traffic flows are light the roundabout operates in a

control can be used where traffic congestion does not self-regulating manner under normal priority control.
occur on all external.approaches.

Extent of Signal control

6.21 The examples illustratedfimgures 6/2and6/3
Methods of Signal control could both operate under full-time or part-time signal
control.

6.15 Directsignal control is the condition where the
signals are situated on.one‘or more of the external
approaches and the internal approach immediately to the
right of each signal=controlled entfigure 6/2

illustrates an.example of a large signalised roundabout
with partialy direct signal control, where traffic flows on
the minorroads (Arms B and C) are light and continue

to operate in a self-regulating manner under normal
priority control.
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Am D
(Exit Slip)

Am A
(Exit Slip)

Arm F

Figure 6/2: | Example of Large Signalised Roundabout with Partial, Direct Signal Control
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Figure 6/3: / Signalised Roundabout with Indirect Signal Control

Geometric Modifications 6.23 These modifications may take the form of:

6.22 Geometric modificaionsmay be reguiredto & additional nearside or offside approach lanes;
roundabouts in order to:

b. additional internal approach lanes within the

a.  increase capadéityron external approaches; circulatory carriageway;
b. increase cafaeity on the Girculatory carriageway incr_easing the :_:,ize of splitter islands in order to
achieve longer internal approaches;
C. accommodate queues at internal stop lines on the o _ _
circulatory carriageway; d. segregated facilities or signalled crossing
facilities.
d. improve forward visibility and intervisibility in
the junction intervisibility zone;
e. provide alignment improvements and lane control
measures;
f. provide specific measures for pedestrians, cyclists
and buses.
6/4 November 1999
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Offside Approach Lane

6.24 The provision of an additional offside external
approach lane as illustratedrigure 6/4is appropriate
where:

New Carriageway
m Construction

a. sufficient space is available on the offside, within
the central median;

b. a nearside approach lane would result in
inadequate internal queuing capacity on the
internal approach to the left;

Bridge
Parapet
C. it does not significantly reduce the queuing
capacity on the internal approach to the right.
Circulatory
Carriagews;

Provision of Additiona!
Nearside Approach Lane

New Cardageway
m Construction } (
4

Figure 6/5: Provision of Additional Nearside
Approach Lane

Internal Approach Lanes

6.26 InFigure 6/2the internal queuing capacity on the
circulatory carriageway to the right of Arm E is limited
by the width of the central reserve on the dual
carriageway approach. Similarly, to the right of Arm F
the internal queuing capacity is severely limited by the
size of the deflection island. Internal approach lanes less
Figure 6/4:  Provision of Additional Offside than 15m in length may result in the blockage of the exit
Approach Lane arm, particularly where Large Goods Vehicles are
present and the effect of these internal queues should be
considered when assessing the performance of the
roundabout.

Nearside Approach Lane

6.25 The provision of an-additional nearside externalg.27  Under full-time signal control the capacity on the
approach lane asfllustratedrigure 6/5is appropriate  internal approaches to Arms E and F could be improved
where: by geometric modificatio{$ee Figure 6/6}o these
. _ _ _ external approaches by significantly reducing the entry
a.  sufficient space is available on the nearside;  (adii, Under part-time signal control however the scope
for geometric modifications is reduced due to the

b. anoffside external approach lane would result inyg 4 irements for the design to be in accordance with
inadequate queuing capacity on the internal TD 16 (DMRB 6.2.3)

approach to.the right;

C. it does'not significantly reduce the queuing
capacity on the internal approach to the left.
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6.28 Figure 6/6illustrates how the queuing capacity

on the internal approach to the right of Arm F may be
increased by increasing the size of the splitter island and
realigning the external approach arm.

m New Carriageway
Construction

Enlargement to
Splitter Island

Figure 6/6: Improvement to Internal Queuing
Lanes

6/6
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8. ENQUIRIES

All technical enquiries or comments on this Standard should be sent in writing as appropriate to:

The Civil Engineering and Environmental
Policy Director

The Highways Agency

St Christopher House

Southwark Street J KERMAN
London SE1 OTE Q.S. Director

Chief Road Engineer
The Scottish Executive Development Department
Victoria Quay
Edinburgh EH6 6QQ J HOWISON
Chief Road Engineer

The Director of Highways

The National Assembly for Wales

Cynulliad Cenedlaethol Cymru

Highways Directorate

Government Buildings

Cathays Park K J THOMAS
Cardiff CF1 3NQ Director of Highways

Director of Engineering
Department of the Environmentfor
Northern Ireland

Roads Service Headquarters
Clarence €ourt

10-18 Adelaide Street V CRAWFORD
Belfast BT2 8GB Director of Engineering
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ANNEX 1 - TERMS AND DEFINITIONS USED IN

TRAFFIC SIGNAL CONTROL

General

Al1.1 The general principles of control by traffic
signals are contained A 16 (DMRB 8.1.1)and
definitions relating to signal control are given in

TR 0141B. Figure Al/lindicates a T-junction layout

used to illustrate the following terminology which is
more fully described in those documents:

Phase

The sequence of conditions applied to one or more
streams of vehicular traffic or pedestrian traffic
which always receive identical signal light
indicationgSee Figure A1/1]

Early Cut-Off

A condition in which one or more traffic streams,
that were running during‘the preceding stage, are
stopped whilst:one ormore other traffic streams
are allowed to continue moving.

Late Release

A condition'in which one or more traffic streams
are permitted to move before the release of other
traffic streams which are permitted to run with
them during the subsequent stage.

Primary and Secondary Signals

Stage Al1.3 Primary and Secondary Signals are defined in
Traffic Signs and General Directions 1994, Traffic

A stage may be considered as starting at the poistigns Regulations (Northern Ireland) 1997 (TSR[NI])

at which all phases that will have right=ofsway  andto illustrate the terminologyigure Al/1 indicates

during the stage have been set to green, and all typical locations on a simple T-junction:

phases terminating have been set to red. The stage

may be considered to end at the point at which the
first phase loses right of w@$ee Figure Al/1]

Cycle

One complete sequence of the operation/of the
traffic signals.

Intergreen Period

Period between the end of the green signal giving
right of way for one phase, and the beginning of
the green signal giving right of way for the next
phase.

Al.2 The following terms are also described in
TR 0141B

Interstage Period

The period between the end of one stage and the
start of the next stag&ee Figure A1/1]

Primary Signal

Light signals erected near the carriageway of a
road and sited near one or both ends of the stop
line. There must be at least one primary signal
associated with each stop-line. An additional

signal normally erected near the carriageway just
beyond the stop line on the offside lane is termed a
duplicate primary. The use of duplicate primary
signals is recommended on all high speed
approaches.

Secondary Signal

Light signals erected near the carriageway facing
the traffic approaching from the direction of the
primary signals but sited beyond those signals.
The information given by a secondary signal must
be the same as that given by the primary signal
with which it is associated, but additional
information compatible with that of the primary
may also be given.
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Closely-associated Secondary Signal

Design Speed and Speed Limits

In special circumstances the secondary signal m&i.5 Table Al/1provides a direct conversion from

be located just beyond the stop line and this is
termed &losely-associated secondary signal

Pedestrian Control Signals

Al.4 Details of the equipment relevant to pedestrian
facilities are contained ifA 15 (DMRB 8.1.1)and
Figures 4/2and4/3 illustrate examples of the
equipment:

Pedestrian Signals

Pedestrian signals to Diagram 4002 ofThedfic
Signs and General Directions 1994, Traffic
Signs Regulations (Northern Ireland) 1997
(TSRINI]).

Pedestrian Push Button Units

mph to kph for the permitted speed restrictions,

designers should choose an appropriate higher design
speed so as to permit a small margin for speeds in excess
of the speed limit:

Pedestrian push button units to Diagram 4003.of

theTraffic Signs and General Directions 1994,
Traffic Signs Regulations (Northern Ireland)
1997 (TSRINI]).

Pedestrian Crossing Studs and Marks

Pedestrian crossing studs and marks to Diagram

1055 of the Traffic Signs Regulations and

General Directions. Studs may present a hazard to

motor cyclists and cyclists and the use of‘white

roadmarkings may be considered in preference to

studs.

MPH KPH

20 32.19
30 48.28
40 64.37
50 80.47
60 96.56

Table A1/1; Speed Conversion
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Figure A1/1: Definitions of Signal Control Terminology
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